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Variation in K-ras Codon 12 Point Mutation Rate with Histological Atypia within
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To elucidate genetic alteration in relation to morphology and also to confirm more directly the
proposed adenoma-carcinoma sequence, we analyzed thirty-eight colorectal “cancer in adenoma”
lesions exhibiting areas of different atypia, in terms of K-ras codon 12 point mutation. The mutation
incidence was 26.3% (10/38) for all cancerous areas. Well-differentiated and very well-differentiated
carcinoma exhibited values of 17.6% (3/17) and 30.4% (7/23), respectively (statistically not
significant). Positive cases of adenoma with severe atypia and adenoma with moderate or slight atypia
were 26.7% (8/30) and 8.3% (3/36) respectively (statistically significant). Thus, K-ras point
mutation, as indicated previously, may play an important role in the early stages of colorectal
tumorigenesis. As for the nature of the mutation, GGT(Gly) to GAT(Asp) was the most frequent
(80%). Eight cases had mutations concurrently in different areas of the same tumor and in all of these
the mutation was homogeneous (6 cases to GAT, 1 case to TGT and 1 case to GTT). This provides
genetic support for the “adenoma-carcinoma sequence” theory proposed on the basis of morphological
considerations. All lesions with a mutation were of polypoid type, and no mutation was found in the

flat type.
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In colorectal tumors, several gene alterations involving
ras,”” ' p53,'" DCC,'Y MCC,"™ or APC*'” have been
reported. It is generally supposed that multi-step gene
alterations contribute to colorectal carcinogenesis. The
fact that colorectal tumors, particularly those limited to
the mucosa or submucosa, frequently comprise several
different atypias including carcinomatous elements pro-
vides a wuseful model for comparative gene analysis.
Further, the possibility of assessing intra-tumor variation
allows a direct check of the “adenoma-carcinoma se-
quence” theory suggested on the basis of histelogical
considerations. Recently, Yanagisawa et al.'® succeeded
in detecting variation in K-rgs codon 12 point mutation
in mucinous cystic neoplasms of the pancreas relative to
histological atypias within the same tumor by using small
samples of tissue from the slide glasses. In the present
study, the same approach was adopted to analyze colo-
rectal lesions of “cancer in adenoma” in order to examine
whether a genetic basis may exist for the adenoma-
carcinoma sequence.

MATERIALS AND METHODS

DNA extraction and amplification Thirty-eight colo-
rectal lesions of “cancer in adenoma” (35 polypoid
tumors and 3 flat tumors) were analyzed. All of them
were endoscopically resected in the Cancer Institute
Hospital or the Hiratsuka Icho Hospital. Biopsy samples
from obviously advanced cancers were also analyzed.

388

K-ras — Large intestinal neoplasm — Tumorigenesis

DNA extraction from paraffin sections was performed
according to the procedure described previously.® Serial
sections of 4 um, 10 gm, 10 zm, 4 #m were made from
paraffin blocks and attached to the slides. The two 4 gm
sections were stained with hematoxylin and eosin, and
examined for the presence of the following four area
types: cancer (well-differentiated adenocarcinoma, WDC
or very well-differentiated adenocarcinoma, VWDCQC),
adenoma with severe atypia; adenoma with moderate or
slight atypia; and normal mucosa. Basically, only one
sample was taken from each area. Differential diagnosis
between WDC and VWDC was made in terms of struc-
tural and cellular atypia (Figs. 1 and 2). All adeno-
matous arecas examined were of tubular type and their
degrees of atypia were determined according to the
criteria of the Japanese Research Society for Cancer of
Colon and Rectum (Figs. 3 and 4). Normal mucosa was
taken from areas just adjacent to the tumor.

Limited areas, each comprising 100-1000 cells, were
cut out under a stereomicroscope from one of the two
10 #m sections, and stained with hematoxylin only (the
second one was used as a spare for the study).

Tissue samples were again deparaffinized with xylene,
rinsed with ethanol, completely dried, digested with pro-
teinase K (500 pg/ml-1 mg/ml) and beiled prior to
performance of the polymerase chain reaction (PCR)
procedure (40 cycles).

DNA corresponding to the 12th codon of ¢-K-ras was
amplified by the PCR technique essentially according to



the method described by Saiki et al'® and Wright and
Manos™ using a PCR machine and kit (Perkin Elmer
Cetus). Primers used for amplification were TTGTTG-
GATCATATTCGTCC and GGCCTGCTGAAAATG-
ACTGA, which yielded 118-bp amplified DNA frag-
ments around codon 12 of K-ras gene.

DNA probes and hybridization A 2 g1 sample of each
amplified DNA was spotied onto Hybond-N* filters
(Amersham) and fixed by the alkali procedure. Oligo-
nucleotide hybridization was performed as described by
Verlaan-de Vries et al® A series of specific synthetic
19mer anti-sense single-stranded DNA probes, corre-
sponding to possible point mutations at codon 12, were
end-labeled using [7-*P]ATP polynucleotide kinase
{Toyobo).
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Final washing was done with 3 M tetramethylammo-
nium chloride, 50 mM Tris/HC! (pH 7.5), 2 mM EDTA
and 0.1% sodium dodecyl sulfate at 59°C.

RESULTS

Incidence of K-ras codon 12 point mutations relative to
histological atypia (Table I) K-rgscodon 12 point muta-
tions were detected in ten of 40 cancerous areas from
38 lesions of “cancer in adenoma” (35 of polypoid type
and 3 of flat type). In two of the flat types, 2 different
cancerous areas were examined, but none was associated
with a mutation. The mutation incidence for all 38
cases was 26.3% (10/38). Mutations were seen only in
the polypoid type at an incidence of 28.6% (10/35).

Table I.  Incidences of K-ras Codon 12 Point Mutation Relative to Histological Atypia in 38 Colorectal Tumors
. . . Gross type of polyp
Histological atypia Polypoid type Flat type Total
Cancer Well diff. 3/15 (20.0%) 0/2 (0%) 3/17 (17.6%)
Very well diff. 7/20 (35.0%) 0/3 (0%) 7/23 (30.49%)
Cancer (Total) 10/35 (28.6%) 0/5 (0%) 10/40 (25.0%)
0/3 (0%)Y 10/38 (26.3%)%
Adenoma Severe atypia 8/27 (29.6%)3 N 0/3 (0%) 8/30 (26.7%)] N
Mod/sl? atypia 3/35 (8.6%) 0/1 (0%) 3736 (8.3%)
Normal 0/35 (0%) 0/3 (0%) 0/38 (0%)

Well diff,
Very well diff,

Advanced cancer

3/15 (20.0%)
24 (50.0%)

5/19 (26.3%)

a) Mod/sl: moderate or slight atypia.
* P<0.05.

250 " & 5 o L8 " 0 il
Fig. 1. Well-differentiated adenocarcinoma (WDC). Struc-
tural atypias such as a cribriform pattern, back-to-back appear-
ance, and irregularity in gland size and shape are prominent,
together with cellular atypias such as a high nucleocyto-
plasmic ratio, pleomorphism in nuclear size and shape, psendo-
stratification or loss of polarity of the nucleus.

b) Incidences for all cases,

Fig. 2. Very well-differentiated adenocarcinoma (VWDC).
Patterns for WDC are less prominent: tubular or papillary
structures are simpler, more regular and more homogeneously
distributed. Further, rounded or oval nuclei are mostly
located near the basement membrane.
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When the carcinomas were divided into two groups,
WDC and VWDC (Figs. 1 and 2), the total incidences
were 17.6% (3/17) and 30.4% (7/23) respectively, and
for the polypoid type described above, 20.09% (3/15) and
35.0% (7/20). None of these differences was statistically
significant. As for the advanced cancer group, the overall
incidence was 26.3% (5/19) and the incidences for
WDC and VWDC were 20.0% (3/15) and 50.0% (2/4),
respectively, the difference again not being significant.

In contrast, the incidences for adenomatous areas with
severe atypia or with moderate or slight atypia (Figs. 3
and 4) were significantly different at 26.7% (8/30) and
8.3% (3/36), respectively. As with the cancerous areas,
mutations were only seen in lesions of polypoid type,
the respective incidences being 29.6% (8/27) and 8.6%
(3/35). No mutation was detected in normal mucosa
samples.

¢, adenoma with slight atypia; d, normal mucosa.
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Fig. 3. An example of “cancer in adenoma” of the colon
(case 7). Loupe view.

A

Fig.4.” i—Iigh n;gniﬁcation views of the respective boxed areﬁs (ziﬁ) in Fig.‘ 3, a,

B

VWDC; b,madenoma with severe atybia;
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Table II. Colorectal Tumors with a K-ras Codon 12 Point Mutation
5i Cancer Adenoma
Case Sex/Age Site Shape 1z& . Very Severe Mod/sl Normal
mm)  Wel-dit. wedie  aypia atypia
1 M/59 R-S jid 10 TGT - TGT — —
2 M/72 R-S i 11 . GTT GTT - —
3 M/59 Asc P 7 GAT - - -
4 M/59 Asc P 15 GAT GAT - -
5 F/54 R-S P 20 GAT GAT GAT -
6 M/51 R-S P 30 GAT GAT — -
7 F? Asc P 7 - GAT GAT - —
8 M/59 R-S P 15 GAT . GAT GAT -
9 M/50 R-S P 12 GAT - GAT GAT —
10 M/54 R-S P 15 . GAT - - -

R-S: Rectosigmoid colon. P: Polypoid. Asc: Ascending colon. Mod/sl: moderate or slight atypia. -: Not

exarmined. —: No mutation.

Nature of the K-ras codon 12 point mutation in 10
colorectal tumors (Tabie IT and Fig. 5) The K-rascodon
12 point mutation resulted in a transition from GGT to
GAT in eight cases, and to TGT and GTT in one case
each. Eight out of the 10 showed the mutation simul-
taneously in different areas within the same tumor. For
example, case 7 demonstrated the same mutation to GAT
in both areas with cancer and with severe atypia and
case | similarly exhibited consistent mutation to TGT.
Thus, in all cases the mutations demonstrated were
homogeneous.

DISCUSSION

Many researchers have reported the presence of K-ras
point mutations in colorectal cancers, mostly in advanced
lesions. Incidences were generally 25-409% with respect
to mutation at codon 12: 339 (9/27} was found by Bos
et al,V 39.4% (26/66) by Forrester et al,” 32.6%
(30/92) by Vogelstein et al,” 29.0% (9/31) by Salhab
et al,” and 26.49% by Ando et al® Miyaki ef al® found
21.7% (5/23) of mucosal carcinomas including “cancer

Fig. 5. Results of dot blot hybridization with oligonucleo-
tide probes specific for the normal sequence GGT of codon
12 (a), and mutated sequences TGT (b), AGT {(c), CGT (d),
GTT (e), GAT (f) and GCT (g). Cont., control; a, cancer;
b, adenoma with severe atypia; ¢, adenoma with moderate
or slight atypia; d, normal mucosa. Cases 1-6 correspond
to those shown in Table II. Case 7 is a negative control
(cancer in adenoma). Though case 3 showed a mutation only
in the cancer area, cases 1, 2, 4 and 6 demonstrated positive
results in areas of cancer and adenoma with severe atypia.
In case 5, a mutation was detected in all areas other than
normal muocosa. The nature of the mutation was homogene-
ous in each individual tumor,

in adenoma” to be positive. OQur results for advanced
cancer and cancerous areas of “cancer in adenoma”
showed similar levels of 26.3% (5/19) and 26.3%
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(10/38), respectively, The lack of any appreciable differ-
ence between advanced cancers and “cancer in adenoma”
lesions of the colorectum suggests that they occupy the
same position from the standpoint of K-ras codon 12
point mutation.

While the incidence for VWDC was slightly higher
than that for WDC according to our data, we can not con-
clude that grade of malignancy may be controlled by K-
ras point mutation without considerable further analysis.

The notable increase in mutation between adenomas
with moderate or slight atypia and severe atypia (P<
0.03) is in line with earlier findings. According to Miyaki
et al.” who analyzed each lesion as a whole from familial
adenomatous polyposis (FAP) cases and reached a diag-
nosis using their criteria for dysplasia, 33 out of 35 cases
with codon 12 or 13 mutations had a codon 12 mutation,
with a remarkable increase during the transition from
moderate dysplasia (119%) to moderate to severe or
severe dysplasia (36%). However, the incidence
decreased in intramucosal cancer (229%) and increased
again in invasive cancer (40%). According to Ando ef
al’s data® on tumors from FAP and non-FAP cases,
total incidences for adenoma with mild atypia, adenoma
with moderate atypia, adenoma with severe atypia, mu-
cosal carcinoma and advanced cancer were 0% (0/17),
8.1% (3/37), 83.3% (15/18), 66.7% (2/3) and 26.0%
(19/73), respectively. Although the reason why the inci-
dence for adenoma with severe atypia was so high in the
last author’s study is unknown, a remarkable increase
int incidence during a transition from low grade atypia to
severe atypia was indicated. Thus, we conclude that K-
ras point mutation does play an important role in early
stages of colorectal tumorigenesis. Further, Mivaki et al*)
indicated that K-ras point mutation also contributes to
the malignancy grade of colorectal carcinomas, but we
could not confirm this.

No mutation was observed in any part of three flat-
type tumors examined. Similarly Fujimori et al” could
not detect any K-ras codon 12 point mutations in super-
ficial early colorectal cancers of flat or depressed type.
These data suggest that different pathways of colorectal
tumorigenesis exist for the polypoid and flat types.

A GGT (Gly) to GAT (Asp) type mutation pre-
dominated in the present study (eight cases out of 10).
Many other reports have also documented a high inci-
dence of mutations resulting in coding for Asp: 80.0%
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